The objective of this study was to assess the role of uracil/tegafur (UFT) and its metabolite γ-butyrolactone (GBL), a potent inhibitor of angiogenesis, in the prevention of intravesical recurrence in patients with non-muscle invasive urothelial carcinoma of the bladder (NMIUCB). Patients and Methods: This study included 48 patients with NMIUCB following complete transurethral resection who were randomly divided into 27 receiving UFT therapy (group A) and 21 without any adjuvant therapies (group B). Serum levels of GBL, vascular endothelial growth factor, basic fibroblast growth factor, platelet-derived growth factor and interleukin-8 were measured. Results: There was no significant difference in the intravesical recurrence-free survival between groups A and B. Despite the lack of significant differences in serum levels of vascular endothelial growth factor, basic fibroblast growth factor, platelet-derived growth factor and interleukin-8, serum GBL in group A was significantly greater than in group B. Multivariate analysis identified tumor size as an independent predictor of intravesical recurrence irrespective of the other factors examined. Conclusions: Despite the significant induction of GBL, adjuvant UFT therapy failed to show a preventive effect on intravesical recurrence of NMIUCB. Therefore, we should consider enhancing the anti-angiogenic effect of GBL using an alternative administration schedule of UFT.
Introduction
Approximately 80% of patients with newly developed urothelial carcinoma of the bladder are pathologically diagnosed as having non-muscle invasive tumors that are limited to the urothelium or infiltrate no deeper than the lamina propria. Complete transurethral resection (TUR) of the visible tumor burden is currently regarded as the standard approach for patients with non-muscle invasive urothelial carcinoma of the bladder (NMIUCB), and the prognosis of such patients is generally favorable, achieving 5-year survival rate greater than 80% [1] . Several previous studies, however, reported that intravesical recurrence following TUR occurred in 30 to 80% of patients with NMIUCB [1] [2] [3] . Therefore, intensive efforts have been made to develop adjuvant therapy that can effectively prevent postoperative intravesical recurrence of NMIUCB.
To date, intravesical therapy has been widely performed to delay or prevent intravesical recurrence of NMIUCB following TUR. Commonly used agents for intravesical instillation include immunotherapy with bacille Calmette-Guérin and chemotherapy with mitomycin C, adriamycin, epirubicin and gemcitabine [4, 5] . Shelly et al. [5] recently carried out a systemic review of randomized trials associated with intravesical therapy against NMIUCB, and concluded that an immediate post-TUR instillation of a chemotherapeutic agent is effective in reducing intravesical recurrence, and further intravesical induction as well as maintenance therapy with bacille Calmette-Guérin are recommended for high-risk patients. However, there has been no reliable evidence that any agent for intravesical therapy is able to improve overall survival. Furthermore, several investigators suggested that the effectiveness of the routine instillation of an intravesical agent is likely to remain unresolved pending more critical evaluations, and considering important issues associated with this therapy, such as complications and cost [6, 7] .
The combination of uracil and tegafur at a molecular ratio of 4:1, also referred to as UFT, is an orally available anticancer agent. Uracil inhibits the degradation of fluorouracil to inactivate the metabolite through biochemical modulation, and therefore, UFT exerts its activity more specifically within tumor tissues than that in normal tissues [8] . To date, there have been a number of studies showing the efficacy of UFT against several types of malignant tumors, including bladder cancer [9] [10] [11] [12] [13] [14] . In this study, therefore, a randomized clinical trial was conducted in order to assess the significance of the adjuvant administration of UFT for patients who underwent TUR and were subsequently diagnosed as having NMIUCB. In this trial, we also analyzed the impact of UFT therapy on changes in the serum level of its metabolite g-butyrolactone (GBL), a potent inhibitor of angiogenesis [15] , in addition to those of major angiogenic factors, including vascular endothelial growth factor (VEGF), basic fibroblast growth factor (bFGF), platelet-derived growth factor (PDGF) and interleukin-8 (IL-8) [16] .
Patients and Methods
The population of this study consisted of patients who were at least 18 years old and underwent complete TUR of pathologically documented NMIUCB. Key eligibility criteria for this study included an Eastern Cooperative Oncology Group performance status of 0 or 1, adequate hematologic, coagulation, hepatic, renal and cardiac functions, and the absence of perioperative anticancer therapy. Patients were ineligible if they had carcinoma in situ or T1G3 disease and a history of malignant disease during the preceding 12 months. Written informed consent to enter this study was obtained from all patients, and the study design was approved by the Research Ethics Committee of our institution.
A total of 48 patients who were judged to be eligible were included and randomly assigned to either the adjuvant therapy group (group A) or the control group (group B). In group A, 2 weeks after TUR, UFT was orally given at a dose of at least 300 mg/d for 12 months, while no adjuvant therapy was performed in group B. Toxicities associated with the administration of UFT were graded according to the NCI Common Toxicity Criteria, and if an adverse event greater than grade 1 occurred, the dose of UFT was reduced. Postoperative follow-up examinations were carried out as follows: cystoscopy and urinary cytological examination were performed every 3 months for 3 years after TUR, and then every 6 months until 5 years after TUR, and intravenous pyelography was performed every 6 months until 3 years after TUR and then annually until 5 years after TUR. On the detection of tumors or hyperemic mucosa by cystoscopy and/or positive findings on urinary cytology, transurethral biopsy of the abnormal region and/ or TUR of the tumor were carried out.
To assess the effects of UFT therapy on its metabolite and major angiogenic factors, serum samples were obtained from all patients approximately 4 weeks after their inclusion in this trial, and the sample collection in group A was also done at 2 hours after the administration of UFT. Serum levels of GBL were determined by employing gas chromatography mass spectrometry as previously described [17] . For the measurement of serum concentrations of VEGF, bFGF, PDGF and IL-8, commercially available sandwich enzyme-linked immunoassay kits were employed according to the manufacturer's recommendations (R&D Systems, Minneapolis, MN, USA).
Differences between groups A and B were compared using the chi-square test or unpaired-t test. Intravesical recurrence-free survival rates were calculated using the Kaplan-Meier method, and the difference was determined by the log-rank test. The prognostic significance of certain factors was assessed by employing the Cox proportional hazards regression model. All statistical calculations were performed using Statview 5.0 software (Abacus Concepts, Inc., Berkley, CA, USA), and probability (p) values less than 0.05 were considered significant.
Results
Of the 48 eligible patients, 27 and 21 were assigned to groups A and B, respectively. There were no significant differences in several clinicopathological parameters between groups A and B (table 1) .
During the observation period of this study (median 24 months, range 11 -42 months), intravesical recurrence was detected in 14 patients in group A (51.9%) and 9 patients in group B (42.9%). There was no significant difference in intravesical recurrence-free survival between these 2 groups ( fig. 1) .
Adverse events associated with adjuvant UFT therapy were observed in 6 (22.2%) of the 27 patients assigned to group A, including gastrointestinal symptoms in 5 and thrombocytopenia in 1. However, interruption of UFT therapy was not required in any patient, while dose reduction from 600 to 300 mg/d was necessary in 2 patients with gastrointestinal symptoms corresponding to grade 2.
As shown in figure 2A , mean serum levels of GBL in groups A and B were 37.5 and 21.1 ng/ml, respectively, and there was a significant difference in the serum GBL level between these 2 groups. However, there were no significant differences in serum concentrations of VEGF, bFGF, PDGF and IL-8 between groups A and B ( fig. 2B-E To analyze factors significantly related to postoperative intravesical recurrence, univariate and multivariate analyses were performed. Multiplicity and tumor size were identified as significant predictors on univariate analysis, however, the remaining factors, including adjuvant therapy and serum levels of GBL, VEGF, bFGF, PDGF and IL-8, had no significant impact on intravesical recurrence. In addition, tumor size appeared to be independently associated with intravesical recurrence on multivariate analysis (table 2) .
Discussion
To date, a number of investigators have evaluated the usefulness of intravesical instillation therapy in order to delay or prevent intravesical recurrence of NMIUCB following TUR; however, there are several limitations regarding this therapy [4] [5] [6] [7] . For example, intravesical instillation itself involves a comparatively invasive procedure and usually takes approximately 1 hour to keep an agent in the bladder. In addition, it has been well documented that more than 10% of patients who receive intravesical therapy experience complications, including uncommon but severe adverse events [6] . Also, from an oncological viewpoint, there has been no report of intravesical therapy leading to a significant improvement of overall survival in patients with NMIUCB [4, 5] . Collectively, these findings suggest that it is necessary to develop an effective adjuvant therapy with an orally available agent following TUR of NMIUB.
UFT, the combination of uracil and tegafur in a 4:1 molecular ratio, is an oral anticancer agent showing selective activity, because biochemical modulation by uracil enhances fluorouracil concentration more specifically in tumor tissues than that in normal tissues [8] . A number of studies have reported the usefulness of UFT for a wide variety of malignant diseases, such as lung, breast, gastric and prostate cancer [9] [10] [11] . For bladder cancer, the efficacy of UFT has been widely investigated as a therapeutic as well as prophylactic agent, and some of these studies have demonstrated that treatment with UFT is tolerable and effective in delaying progression and preventing recurrence in patients with bladder cancer [12] [13] [14] . Considering these findings, the significance of adjuvant UFT therapy in the prevention of intravesical recurrence in patients undergoing TUR for NMIUCB was evaluated.
In this series, there were no significant differences in several clinicopathological parameters between the treatment and control groups. In addition, there was no significant difference in the intravesical recurrence-free survival between these 2 groups. To our knowledge, there has been only one study evaluating the efficacy of UFT Curr Urol 2012;6:27-32
UFT for Non-Muscle Invasive Bladder Cancer 31 as adjuvant therapy for NMIUCB. However, in this previous study, Kubota et al. [13] reported a significantly more favorable recurrence rate in patients with NMIUCB who received adjuvant UFT therapy compared to that in those without any anticancer therapy. This discrepancy may be explained by the different characteristics of patients included in these 2 studies. In fact, Kubota et al. [13] showed a marked prophylactic effect of adjuvant UFT therapy in patients with a single small tumor less than 1 cm in diameter, while approximately 50 and 35% of patients included in the present study had multiple tumors and large tumors greater than 3 cm in diameter, respectively.
UFT has been shown to be resolved into GBL and its acid form, g-hydroxybutyric acid, which exists in chemical equilibrium under physiological conditions [18] . Recently, GBL was demonstrated to inhibit tumor-induced angiogenesis based on a dorsal air sac assay performed in mice with 5 kinds of cancer cell lines [15] . In the present study, the serum level of GBL in the treatment group was significantly greater than that in the control group. However, there were no significant differences in the serum level of VEGF in addition to those of other major angiogenic factors, including bFGF, PDGF and IL-8, between these 2 groups. Based on our present findings, therefore, the anti-angiogenic activity of GBL might be exerted independently of major angiogenic factors, including VEGF. Nagai et al. [17] however, reported that serum GBL levels, which increased following the administration of UFT, inhibited the angiogenesis induced by VEGF in patients with advanced cervical cancer. That is, VEGF protein expression in approximately 60% of cervical cancer tissues was decreased by UFT therapy, and there was an inverse correlation between changes in serum GBL and VEGF levels after treatment with UFT. This is likely to be affected by several factors, such as the dose of UFT, origin of the cancer and method of assay, and whether VEGF is involved in the inhibition of angiogenesis induced by GBL. Accordingly, further studies are necessary to clarify this issue.
Here, we would like to emphasize the limitations of this study. First, a sample size of 48 patients for such a common disease as NMIUCB is not large enough, and the observation period in this series might have been too short to evaluate the actual recurrence rate. Second, the effects of UFT on angiogenesis were evaluated based on serum levels of angiogenic factors, which may not precisely reflect the production of these factors by tumor cells. Finally, this study failed to show the preventive effect of the adjuvant use of UFT on intravesical recurrence following TUR of NMIUCB despite the significant increase in GBL induced by UFT T. Therefore, it is necessary to develop a more optimal schedule of adjuvant UFT therapy to effectively reduce the proportion of patients developing intravesical recurrence. Considering several studies showing the important role of angiogenesis in the intravesical recurrence of NMIUCB [19, 20] , one possible approach is to increase the dose of UFT up to 600 mg/d for all patients in order to achieve a more potent inhibitory effect on the angiogenic activity of NMIUCB. In fact, Shida et al. [14] reported that the proportion of responders in patients with bladder cancer receiving 600 mg/d of UFT was twice as high as that in those receiving 300 mg/d of UFT in Phase II studies.
In conclusion, adjuvant UFT therapy in patients with NMIUCB significantly induced its metabolite, GBL, accompanied by no significant changes in major angiogenic factors, including bFGF, PDGF and IL-8, and failed to reduce postoperative intravesical recurrence. Therefore, we should consider enhancing the anti-angiogenic effect of GBL by using an alternative administration schedule of UFT to more effectively prevent intravescial recurrence of NMIUCB following TUR.
